In this paper, a solution of the Dirichlet problem in the upper half-plane is constructed by the generalized Dirichlet integral with a fast growing continuous boundary function. MSC: 31B05; 31B10
Introduction and results
Let R be the set of all real numbers, and let C denote the complex plane with points z = x + iy, where x, y ∈ R. The boundary and closure of an open set are denoted by ∂ and respectively. The upper half-plane is the set C + := {z = x + iy ∈ C : y > }, whose boundary is ∂C + = R. Let [d] denote the integer part of the positive real number d.
Given a continuous function f in ∂C + , we say that h is a solution of the (classical) Dirichlet problem in C + with f , if h =  in C + and lim z∈C + ,z→t h(z) = f (t) for every t ∈ ∂C + .
The classical Poisson kernel in C + is defined by
where z = x + iy ∈ C + and t ∈ R.
It is well known (see [, ] ) that the Poisson kernel P(z, t) is harmonic for z ∈ C -{t} and has the expansion
which converges for |z| < |t|. We define a modified Cauchy kernel of z ∈ C + by
where m is a nonnegative integer.
To solve the Dirichlet problem in C + , as in [], we use the following modified Poisson kernel defined by
w h e n |t| ≤ ,
We remark that the modified Poisson kernel P m (z, t) is harmonic in C + . 
where f (t) is a continuous function in ∂C + .
We say that u is of order λ if 
Inspired by Theorem A, we consider the Dirichlet problem for harmonic functions of infinite order in C + . To do this, we define a nondecreasing and continuously differentiable function ρ(R) ≥  on the interval [, +∞). We assume further that
Remark For any ( < <  - ), there exists a sufficiently large positive number R such that r > R, by (.) we have
Let F(ρ, α) be the set of continuous functions f on ∂C + such that 
Proof of Theorem 1
By a simple calculation, we have the following inequality:
for any z ∈ C + and t ∈ ∂C + satisfying |t| ≥ max{, |z|}, where M is a positive constant. Take a number r satisfying r > R, where R is a sufficiently large positive number. For any ( < <  - ), from Remark we have ρ(r) < ρ(e)(ln r) (  + ) , which yields that there exists a positive constant M(r) dependent only on r such that
For any z ∈ C + and |z| ≤ r, we have by (.), (.), (.), /p + /q =  and Hölder's inequality
Thus U [ρ(|t|)+α] (f )(z) is finite for any z ∈ C + . Since P [ρ(|t|)+α] (z, t) is a harmonic function of z ∈ C + for any fixed t ∈ ∂C + , U [ρ(|t|)+α] (f )(z) is also a harmonic function of z ∈ C + . http://www.boundaryvalueproblems.com/content/2013/1/262
Now we shall prove the boundary behavior of U [ρ(|t|)+α] (f )(z). For any fixed boundary point t ∈ ∂C + , we can choose a number T such that T > |t | + . Now we write
where 
